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在凤眼莲 PM Ca2+-ATPase 对重金属胁迫的响应研究方面，通过超高速差
速离心水双相法获得高纯度质膜微囊，PM Ca2+-ATPase 酶活测定实验表明，
在系列梯度浓度 Pb2+胁迫下，随着 Pb2+浓度的提升，凤眼莲根部 PM Ca2+-
ATPase 活性呈现先下降后升高的趋势，而凤眼莲叶组织的 PM Ca2+-ATPase 的
活性则是先升高后降低；在 Pb2+、Zn2+、Cd2+单一与复合胁迫实验结果表明，
0.5mmol/L Zn2+与 0.1mmol/L Pb2+对 PM Ca2+-ATPase 活性的作用关系存在拮抗
作用；而 Cd2+与 Zn2+在对 PM Ca2+-ATPase 活性作用时，之间表现出协同作
用，且 Zn2+在与低浓度的 Cd2+对凤眼莲进行复合胁迫时，协同作用更加明

























相同的重金属处理方式下，以 18S 为内参基因，采用荧光 PCR 相对定量
法，检测 PM Ca2+-ATPase 的基因表达情况。结果显示，在系列梯度浓度 Pb2+
胁迫下，6h 时，凤眼莲叶组织 PM Ca2+-ATPase 对 Pb2+胁迫的浓度不敏感，各
浓度 Pb2+对 PM Ca2+-ATPase 表达量的影响差异不大；而在根组织中，高浓度
Pb2+会诱导 PM Ca2+-ATPase 基因的表达；6d 时，叶和根组织中 PM Ca2+-
ATPase 对 Pb2+浓度的敏感度不一致。在 Pb2+、Zn2+、Cd2+的单一与复合胁迫
下，凤眼莲根组织 PM Ca2+-ATPase 基本被抑制，但在 0.5mmol/L Zn2+、
0.05mmol/L Cd2+ + 5mmol/L Zn2+这两组的 PM Ca2+-ATPase 反而受到强烈诱
导，Zn2+的加入对 Pb2+作用于凤眼莲 PM Ca2+-ATPase 活性的影响，随 Zn2+的
浓度不同而改变。 
 

















Eichhornia crassipes, belonging to Eichhornia Kunth, Pontederiaceae, is a 
perennial aquatic herb. E. crassipes with strong reproductive ability, which can 
easily disrupt waterways, is considered one of malign invasive plants. But the 
research indicate that nutrient element(N, P), heavy metal and toxic compounds can 
be efficiently removed form sewage by Eichhornia crassipes. The study of tolerance 
and response of Eichhornia crassipes to the heavy metal, can provide scientific basis 
for further study and exploitation of purifying capacity of it. 
A 1015bp cDNA segment from the Eichhornia crassipes was amplified by the 
degenerate primers which was designed against the conserved regions which was 
found by the mutiply alignment of amino acid sequences and nucleotides acid 
sequences of several plant PM Ca2+-ATPase in Genbank. Based on the sequence of 
the cDNA segment, after RACE PCR,the full-length cDNA fragment was 3361bp 
gained by overlapping sequences, and the analysis of the sequence indieates that it 
coniains a 2964bp gene coding region, comprising 987 amino acid residues with a 
calculated molecular mass of 107kDa. The E1-E2 ATPase domain and cation ATPase 
C-terminal was identified as the conversed domain. 
Multiple aligments revealed a high degree of homology between dedued amino 
acids of and putative PM Ca2+-ATPase of other high Plants. The highest identity was 
found to be 79% similarity with AK121250.1 that of Oryza sativa. The result 
demonstrates that the gene fragment cloned from E. crassipes is a putative PM Ca2+-
ATPase，and its GenBank accession number is HQ218938. 
PM Ca2+-ATPase activity of E. Crassipes in response to heavy metal stress was 
researched. Primarily, the high purity PM vesicles were isolated by differential ultra 
centrifugation and aqueous two-phase partitioning methods. The result of enzyme 
assay showed that, under Pb2+ gradient concentration，the activity of PM Ca2+-
ATPase increased first and then decreased in roots, but reversed in leaves; under Pb2+, 
Zn2+, Cd2+ single and combined stress, there was an antagonistic effect between Zn2+ 















more obvious with the low Cd2+ concentration; there also was an antagonistic effect 
between Pb2+and Cd2+ at 20d. 
The growth and other physical indicators of E. Crassipes in response to heavy 
metal stress was researched.The results show that the effects of single and combined 
stress of Cd2+ and Zn2+ on activities of NADH oxidase, Fe(CN)63- reductase and 
EDTA-Fe3+ reductase in root plasma membranes of E. crassipes are obviously various. 
The effect of combined stress of Cd2+-Zn2+ on three oxidoreductases activities in root 
plasma membranes of E. crassipes has a certain difference with different stress time 
and stress concentrations. When stressed for 20h, the combined effect of Cd2+-Zn2+ on 
three oxidoreductases  activities is very complex, which appears synergistic or 
antagonistic effect with differentstress concentrations, while stressed for 20d, the 
combined effect is an obviously antagonistic effect. It can be concluded that the 
combined effect of Cd2+-Zn2+ on oxidoreductases activities in root plasma membranes 
of E. crassipes is relate to Cd2+ or Zn2+ concentration proportion and stress time. 
Real-time PCR was employed by using 18S as a reference gene to quantify the 
expression intensity of PM Ca2+-ATPase gene in different heavy metal treatment. The 
expression level of PM Ca2+-ATPase gene, treated with Pb2+ gradient concentration 
for 6h，was no obviously difference in leaves, but induced by high concentration 
Pb2+ in roots. While stressed for 6d，the sensitivity of PM Ca2+-ATPase to Pb2+ 
concentration was difference between leaves and roots. With Pb2+, Zn2+, Cd2+ single 
and combined stress treatment, PM Ca2+-ATPase activity of roots was strongly 
inhibited, but expression of PM Ca2+-ATPase gene in 0.5mmol/L Zn2+, 0.05mmol/L 
Cd2+ + 5mmol/L Zn2+ treatment was significantly induced, and the effect of Zn2+-Pb2+ 
was very complex, which appears synergistic or antagonistic effect with different Zn2+ 
concentration. 
 


















缩写 英文名称 中文名称 
AmP Ampicillin 氨苄青霉素 
BSA Bovine serum albumin 牛血清蛋白 
BLAST Basic local aligment search tool 基本局部相似性对比搜索工具
bp Base pair 碱基对 
cDNA Complementary DNA 互补脱氧核糖核酸 
CTAB Hexadecyl trimethyl ammonium bromide 十六烷基三甲基溴化铵 
d Day 天 
DEPC Diethyl pyrocarbonate 焦碳酸二乙酯 
dNTPs Deoxyribonucleoside triphosphate 脱氧核糖核苷三磷酸 
DTT Dithiothreitol 二硫苏糖醇 
EDTA Ethylenediamine tetraacetic acid 乙二胺四乙酸 
h Hour 小时 
kDa Kilodalton 千道尔顿 
LB Luria-Bertani medium LB 培养基 
min Minute 分钟 
mRNA Messenger RNA 信使 RNA 
NCBI National centre for biotechnology information 美国国家生物信息中心 
ORF Open reading frame 开放阅读框 
PCR Polyumerase chain reaction 聚合酶链式反应 
PMSF Phenylmethanesulfonyl fluoride 苯甲基磺酰氟 
PVP Polyvinylpyrrolidone 聚乙烯吡咯烷酮 
RACE Rapid amplification of cDNA ends 快速扩增 cDNA 末端 
RT-PCR Reverse-transcriptase polymerase chain reaction 反转录-聚合酶链式反应 
rpm Revolutions per minute 转数/分 
RQ Relative quantification 相对定量值 
sec Second 秒 







































































调控（Evans，et al，1998；Sze，et al，2000）。 
2 植物PM Ca2+-ATPase的结构及理化特性 
 
 
图1-1 植物PM Ca2+-ATPase的结构示意图 
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